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Abstract
Using 22-year repeated cross-section data for South Korea, this study investigates the
decomposition of consumption and income inequalities, that is, age, cohort and year effects,
by constructing pseudo-panel data and conducting a cohort analysis. We demonstrate several
important findings. First, the overall trend of consumption inequalities for all ages is different
from that of isolated age effects. Controlling for age effects, a linearly increasing trend strong-
ly supports the general implications of life cycle-permanent income hypothesis. Second, age
effects in South Korea differed greatly from those for Taiwan, the US and the UK. There was a
strong linear relation over after age 35, while effects in the other countries indicated a linear or
convex relation. Third, age effects on income showed a downward tendency until age 35 and
an upward turn thereafter, while income effects tended to consistently increase. Finally, cohort
effects for consumption show reversing trends and are therefore different from income effects.
1. Introduction
The question that population aging does increase consumption (and/or income inequali-
ties) has been investigated by a number of researchers and policy makers. In the cases of the
US, Taiwan and the UK, for example, Deaton and Paxson (1994, 1997) demonstrated a posi-
tive correlation between inequalities in consumption (income) and age level within cohorts of
individuals. Their research was theoretically motivated by a well-known feature of the stan-
dard life cycle-permanent income hypothesis (LC-PIH). LC-PIH indicates that, if shocks to
consumption are not perfectly correlated across individuals, within-cohort consumption
inequality should rise over time as the age of the cohort rises.
In addition to overall consumption (income) inequalities, the aging issue in South Korea
has become very important. As of 2000, South Korea has become an aging society, with the
elderly population (aged 65 and over) comprising 7% share of the total population. More
important, however, is the speed at which the population is aging. According to the projection
of the Korea National Statistics Office (KNSO), South Korea will soon become the fastest-
aging population in the world. The percentage of individuals aged 65 and over will reach
14.3% in 2018, taking the country approximately 18 years to move from an aging to an aged
society. This rate is in marked contrast with the cases of other developed countries. For exam-
ple, it took 115 years for France, 85 years for Sweden and 24 years for Japan to go through an
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equivalent transition.
The relationship between age level and inequality forges a powerful connection between
demographic change and the distribution of resources. Due to the ongoing rapid population
aging in South Korea, one can observe that the older generations dominate the total popula-
tion relative to the younger generations (aged 20 and over). Since consumption(income) is
more unequally distributed in the older generations, independent of specific government poli-
cies, overall consumption(income) distribution will also become more unequal. This phenom-
enon leads us to the following question: is the current consumption(income) inequality attrib-
uted to aging or to unsuccessful government policy?
Employing repeated cross-section data from South Korea for 1982-2004 and a cohort
analysis, this study investigates the possible relation between consumption(income) inequality
and population aging in South Korea. In so doing, this analysis tries to identify the sources of
consumption(income) inequalities; i.e., cohort, year, and age effects.
Based on the model implication elaborated by Deaton and Paxson (1994) which shows
that the standard LC-PIH tends to show increasing trend of income or consumption inequali-
ties for any given cohort, this study investigates the case of Korea over more than 20 years.
Using the cohort data of 11 years from U.S., 22 years from Great Britain and 14 years house-
hold survey data from Taiwan, Deaton and Paxson find that within-cohort consumption and
income inequality tend to show an increasing trend with age in all three countries and the rate
of increase is quite similar as well. In addition to these three countries, we test the case of
Korea which has been experiencing very high speed of population aging.
The rest of the paper is organized as follows. Section 2 describes the theoretical back-
ground of the relationship between consumption inequality and population aging under LC-
PIH without uncertainty. Section 3 describes the general trend of population aging and overall
consumption inequality. Section 4 and 5 decompose consumption and income inequalities into
age, cohort and year effects. Section 6 concludes the paper.
2. LC-PIH, Risk-sharing and Inequality
Regarding the relation between consumption inequality and population aging, we begin
with the theoretical background based on the LC-PIH without uncertainty. Under the assump-
tion that household members are co-insured and can borrow and lend to balance their con-
sumption without constraint, the standard LC-PIH model predicts gradually increasing con-
sumption(income) inequalities over time. This implies that, using repeated cross-section data,
income and consumption inequality within any given cohort increase with the age of the
cohort. In addition, a decline in population growth rate which leads to the demographic transi-
tion and a corresponding increase in the population share of the elderly relative to the young
will also tend to increase aggregate inequality. This is because the relative share of young
cohorts with repeated cross-section data to old cohorts increases. This is mainly because of
relatively unequal distribution of old cohorts.
The LC-PIH implies that consumption inequality increases with age. This is independent
of the stochastic process governing the evolution of earnings. However, it is necessary to note
that the shape of the age-inequality profile depends on the earnings process. An explicit for-
mula to link the dispersion of consumption (income) and innovation in earning can be derived
as follows (see Deaton (1997) for a more detailed analysis).
Following the LC-PIH, for household i, there is a single real asset, which evolves accord-
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ing to
where  Yt is earnings in period t and r is the constant interest rate.
Preferences are assumed to be intertemporally additive and every household has an iden-
tical quadratic utility function due to discounting by the rate of time preference, and that the
real interest rate is constant and equal to the rate of time preference. 
Dynamic optimization subject to intertemporal budget constraint under the assumption
that constant real interest rate is equal to the rate of time preference indicates that the time
path of consumption follows a random walk process (Hall, 1978),
Note that the above assumptions are quite restrictive. For example, a more generalized
assumption on utility function is the CRRA (constant relative risk aversion)–type utility func-
tion. Additionally, the Euler equation (2) becomes more complicated even under identical real
interest rate and time preference (see Deaton (1997) for more details).
Combining equations (1) and (2) with the condition that the value of asset will be zero in
a terminal period T, we have the following finite-life version of the LC-PIH:
where ?t is  1–[1/(1+r) T–t+1]. When T is infinite, ?t is unity, and (3) is the standard infinite
horizon LC-PIH; otherwise, it is a concave and monotonically decreasing function of t, whose
values are close to unity at the beginning of life and decline to r/(1+r) at death. The variable R
is the retirement date, after which earnings equal zero.
By substituting (1) into (3) and subtracting lag 1 of (3), the following consumption pat-
tern form is derived:
Solving equation (4), the following consumption function at time t is derived:
Since the innovations are serially uncorrelated, variance of consumption at time t is
derived as follows from equation (5).
where ?2?? is the variance of age t’s consumption innovation, which depends on the interest
rate and earnings process.
With restrictive assumption that real constant interest rate is identical to the time prefer-
ence rate and the utility function is addictive, the random walk process of the consumption
function leads to random-walk process of consumption, equation (6), which implies that vari-
ance of consumption is highly related to interest rate and the variance of the innovations in
earnings. Whether the age-inequality profile is concave or convex depends on the degree of
persistence in shocks to earnings. For example, if earnings contain large stationary compo-
nents, the age-inequality profile is convex, as observed in Taiwan and the UK (Deaton and
Paxson, 1994; Deaton, 1997).
Sung Jin Kang
61
As another extreme case, there is a complete set of state-contingent securities by which
agents can insure themselves and remove idiosyncratic consumption risk (Cochrane, 1991;
Mace, 1991; Alonji et al., 1992; Townsend, 1994; Ogaki and Zhang, 2001; Zhang and Ogaki,
2004). Individual consumptions also move together with no general increase in their disper-
sion, although particular functional forms imply particular patterns for specific measure of
inequality.
As equation (6) shows, even in the full insurance equilibrium, consumption inequality
increases as earnings dispersion rises. If consumption insurance is not perfect, the process that
individuals follow to save and borrow to balance their consumption will lead to increased con-
sumption inequality.
3. Recent Trends of Aging and Inequality
As of 2000, South Korea reached the state of aging society with 7% of the population
share of the elderly group aged 65 and over in the total population. Furthermore, more impor-
tant issue is in speed of aging. According to the projection of KNSO, South Korea shows the
fastest trend of population aging in the world (Figure 1). The population share of the elderly
aged 65 and over is expected to reach 14.3% in 2018, which means that it takes about 18 years
from aging to aged society.
As in other countries, population aging plays a significant role in income and consump-
tion inequalities which are the main topics that this study is to investigate. In addition to
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Figure. 1 Projection of Population Aging Trend
Note: Data after 2005 is based on projected population.
Source: KNSO online database.
change of inequalities, high proportion of elderly increases government expenditure in the
form of pension and social security expenditure which lead to higher tax payment to the
young generation. This is huge burden to young generation and thus might lead to higher tax
rate and less their consumption expenditure and thus affect economic boom by decreasing
economic growth rate. To avoid these cycle in the economy, government needs to schedule
welfare policy and economic growth policy very carefully by designing new economic growth
engines such as industries which are closely related to the elderly people.
This aging speed shows marked contrast with the case of other developed countries. For
example, it took 115 years for France, 85 years for Sweden, and 24 years for Japan, to go
through the transition (Table 1).
It indicates that developed countries will experience rapid population aging in the first
half of the 21st century. Specifically, the proportion of the population aged 65 and over will
increase or has increased from 14% in 2014 to 20% in 2030 in the US, from 14% in 1994 to
20% in 2006 in Japan, and so on. In terms of the time period for the proportion of elderly in
the total population to increase from 7% to 14%, which is considered population aging, it was
115 years for France and 92 years for Norway, and is projected at 72 years for the US.
However, it took only 24 years for Japan, and, for South Korea, only 19 years. Furthermore, to
reach the stage of increase from 14% to 20%, Japan is expected to take about 12 years and
South Korea only 7 years.
The present study utilizes the Household Income and Expenditure Survey (HIES), which
has been conducted monthly by KNSO since 1963, although raw data are available only from
1982. The survey is conducted every month by using the diary which is distributed to each
sample household so that income source, types of expenditure and their values are recorded
daily. The average monthly response rate in 2004 was approximately 80% (p. 5-8, Korea
National Statistical Office, 2005). Items of income and expenditure are followed by the ILO
classification and the monthly rental value of own house and deposit for the lease of a house
are categorized as special items and are excluded from income and expenditure.
We use annual average information on 5,000 households over 20 years from 1982 to
2004. All variables are converted to real values according to the consumer price index in 2000.
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Table 1: International Comparison of Aging Trends
Source: KNSO.
Year reached Number of years Ratio over age
7% 14% 20% 7%?14% 14%?20% 65 (2002)
Korea 2000 2019 2026 19 7 7.9
Japan 1970 1994 2006 24 12 18.4
France 1864 1979 2019 115 40 16.3
Norway 1885 1977 2021 92 44 14.9
Sweden 1887 1972 2011 85 39 17.2
Australia 1939 2012 2030 73 18 12.7
USA 1942 2014 2030 72 16 12.3
Canada 1945 2010 2024 65 14 12.7
Italy 1927 1988 2008 61 20 18.6
UK 1929 1976 2020 47 44 15.9
Germany 1932 1972 2010 40 38 17.3
While the surveys cover households residing in 72 cities in South Korea, households with spe-
cific characteristics, such as farm, fishery, single and foreign households, were excluded.
Consumption is defined as the total expenditure on all durable and nondurable goods,
including consumption and non-consumption expenditures; the latter expenditure also
includes taxes and public pension and insurance expenses.
Figures 2 and 3 depict the overall trend of consumption inequality by year and age
between 1982-2004 for the full sample. The vertical axis denotes variance of log consumption
and the horizontal axis the year of observation. 
Figure 2 estimates aggregate inequality by plotting the variance of log consumption for
all households in each survey year. The variance of log consumption increased from 0.26 in
1982 to 0.28 in 1987 and fell to 0.26 in 1997, when the financial crisis occurred. It started to
increase again in 1998 (0.28) and has since remained higher than that before the crisis. 
For Taiwan, the variance increased from 0.24 in 1976 to 0.30 in 1990, while for the US, it
rose from 0.42 in 1980 to 0.47 in 1986 and fell to 0.41 in 1990; in the UK, variance increased
from 0.39 in 1969 to 0.54 in 1990 (Deaton and Paxson, 1994). Consumption inequality shows
a fluctuating trend over the years, indicating a general tendency for inequality to decrease
between 1987 and 1997. As the financial crisis started in 1997, the trend reverses thereafter. 
Aggregate consumption inequality in Figure 2 reflects the weighted average of within-
cohort inequality suggested by LC-PIH and across-cohort inequality. It should be careful that
the inequality implication suggested by original LC-PIH includes only within-cohort inequali-
ty. Thus within-cohort inequality should be isolated to test whether LC-PIH has correct impli-
cation on inequality trend.
In order to isolate the impact of population aging suggested by LC-PIH, it is necessary to
trace the time path of inequality for identical individuals or households. However, it is impos-
sible to trace the trend of inequalities by using the data, HIES, reported by KNSO because it is
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Figure 2: Variance of log expenditure and year, 1982-2004
not a panel but a repeated cross-section data. So it is necessary to a cohort as a proxy of the
identical individuals. 
We restricted the analysis to households with household heads between the ages of 20
and 70. Since there are too many cohorts, the graphs of Figure 3 shows only every fifth
cohort. In general, the figures show that within-cohort inequalities are increasing over the
years. Since the aggregate inequality is the weighted average between within- and across-
cohort inequalities, it might be higher than within-in cohort inequality if across-cohort
inequality tends to show increasing trend. However, the age 45 cohort in 1982 shows a higher
inequality than the aggregate inequality, which implies across-cohort shows decreasing trend.
Regarding inequality with respect to age of household head, Figure 4 shows the aggregate
inequality by age for the full sample, while Figure 5 depicts the inequality by cohort.
Figure 4 shows that consumption inequalities up to age 60 tended to increase, while those
after age 60 tended to decrease. This result seems to support the general implication of the
LC-PIH suggested in equation (6) that consumption variance tends to increase over time. But
only exception is after age 60. This might be from the fact that the people after age 60 experi-
ence lack of income to finance their consumption pattern.
Figure 5 isolates consumption variances among ages for each respective year. The general




Figure 3: Variance of log expenditure and year, selected cohorts
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Figure 4: Variance of log expenditure and age, 1982-2004
Figure 5: Variance of log expenditure and age, selected years
4. Cohort Analysis and consumption inequalities
The previous section discussed the general trend of consumption expenditure inequalities
over years and ages, as shown in Figures 2-5. However, these figures are not sufficient to
identify separate impacts of age on consumption inequality, which tests the validity of the LC-
PIH. This is due to the properties of cross-section data; thus, the graphs reflect mixed effects
of age and cohort (or year) or the comparison between within-cohort and cross-cohort distrib-
utions.
To separate the impacts of aging on consumption inequality, we used a cohort analysis
suggested by Deaton and Paxson (1994, 1997) for log consumption. This method assumes that
log consumption is decomposed into three different effects: age, cohort and year. As equation
(4) shows, the LC-PIH without uncertainty implies that consumption is the product of lifetime
wealth, the cohort aggregate and an age effect. Here, the cohort effect is assumed to be con-
stant over time, while the age effect is assumed to be determined by individual preferences.
Thus, the variance of log consumption can depend on the cohort and age effects, as in equa-
tion (6).
D a is a matrix of age dummies,  D c a matrix of cohort dummies, and  D y a matrix of year
dummies (see Deaton (1997, pp. 124-125 for a more detailed explanation).
Even though balanced panel data is necessary to correctly isolate age, cohort and year
effects by controlling for other various idiosyncratic and unobservable characteristics, it is
very difficult for researchers to obtain and/or use them. In general, since it is very difficult to
keep the same (or even unbalanced) panel for a long period of time, most researchers have
used repeated-cross section data by constructing pseudo-panel data. If the pseudo-panel data
approach is taken, it is not necessary to trace identical individuals or households since the
composition of repeated-cross section data changes. Only a group of individuals or house-
holds, which share some common characteristics, are considered as a unit of analysis. This
unit of analysis is called a “cohort”.
Through cohort analysis with pseudo-panel data, the impacts on aggregate inequality can
be divided into three sources: aging, cohort and year effects. Age effects give the typical age
profile, and cohort effects imply the secular trends that lead to differences in the positions of
age profiles for different cohorts. Year effects are the aggregate effects that move all cohorts
off their profiles and capture cyclical fluctuations.
These decompositions depend on a specific assumption, since the three effects are not
linearly independent. The main problem faced by traditional cohort analysis is an identifica-
tion problem. Cohort itself is defined as difference between year and age, and thus there is
exact relationship among the three dummies: age, cohort and year. Popular assumptions used
to solve this identification issue are: 1) the sum of estimated year effects is zero and 2) year
effects are orthogonal to a linear time trend (Deaton and Paxson, 1994; Deaton, 1997). From
the restricted assumption is to attribute growth to age and cohort effects and to use the year
effects to capture cyclical fluctuation.
Figure 6 displays the estimated age effects. The age profile of consumption inequality is
convex, with an increasing inequality trend over all ages. This supports the main implication
of the LC-PIH for consumption inequality: increasing inequality with increasing age.
Comparing this finding with the overall consumption inequality shown in Figure 3, Figure 6
indicates an increasing trend until age 60 and a decreasing trend thereafter.
This trend is in stark contrast to the findings of Deaton and Paxson (1994), who found
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the age profile of inequality for the US to be close to linear, although the rate of increase of
dispersion decreases slightly after age 60. In Taiwan, the profile is convex, and, in the UK,
slightly convex. In both countries, there is no further widening of consumption inequality after
age 60.
Figure 7 depicts cohort effects on consumption inequalities. In this study cohort is
defined as the age of household head – year + 1989, so cohort 30, for example, implies the
household that household age in 1990 and 2000 belongs to age 41 and 51, respectively. This
definition is the same f or Figure 10.
As explained above, these effects are obtained by regressing the raw consumption vari-
ance on cohort, age and year dummies under specific normalization assumption. Thus, the
graphs indicate various coefficients for cohorts by controlling for other age and year dum-
mies. The graph suggests that the cohort with higher wages tends to show widening consump-
tion inequalities. Interestingly, the consumption inequality before age 35 shows decreasing
trend. This trend might be reflected by the fact that the young generation was dependent on
their parent until they can get a job after they graduate from university level education. After
that age, they start to be independent of their parent which implies that they should live only
with their incomes alone and therefore the distribution of consumption does not show huge
difference in young generation. However, after 35 years old, they have different level of
income depending on their job capability and ranking. It was reflected by huge income
inequalities and thus consumption inequalities.
Figure 8 depicts year effects, which capture cyclical fluctuation. In general, consumption
inequalities until 1992-1997 tended to decrease while those after 1997 tended to increase.
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Figure 6: Age effect in the variance of log consumption
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Figure 7: Cohort effects in the variance of log consumption
Figure 8:Year effects in the variance of log consumption
5. Income
As theoretical framework of LC-PIH in section 2 indicates, increasing consumption
inequalities might be financed by an increasing dispersion in total income which is a sum of
earnings and asset income. Furthermore, as equations (4) and (6) indicate, consumption dis-
persion is closely linked to that of income and earnings. Thus it is useful to trace the trend of
income dispersion over periods by cohort. Figures 9, 10 and 11 show ages, cohort and year
effects for total income per capita household.
First, age effects can be compared with those of age effects of consumption. In Figure 6,
age effects in consumption show decreasing trends until age 35 and then increasing trends
after 35. However, age effects in income present an apparent linear relation between estimated
age effects and income variance. This finding is in marked contrast with the cases of Taiwan,
the US, and the UK. For Taiwan, these tend to show quite stable age effects until about age 45,
and for US the trend was slightly higher than Taiwan but lower than Korea; the UK is associat-
ed with an increasing trend until about age 60, and a decreasing trend thereafter (Deaton and
Paxson, 1994).
Cohort effects show some interesting results; those for consumption (Fig.7) show an
increasing trend while those for income present an almost linearly increasing trend. Year effects
are quite similar to consumption and income effects. These results were not compared with
those of other three countries because they were not explained in Deaton and Paxson (1994).
Aging and Inequality of Income and Consumption in Korea
70
Figure 9: Age effects in the variance of Income per capita Household
6. Conclusion
Using 22-year repeated cross-section data for Korea, this study investigated the decompo-
sition of consumption and income inequalities using age, cohort and year effects. The general
implication of the LC-PIH is not consistent with the overall trend of consumption inequalities
for cross-section data mainly due to demographic changes. In particular, the Korean data does
not reflect various inequalities over years. Thus, we constructed pseudo-panel data and con-
ducted a cohort analysis to isolate cohort effects from age effects under several restricted nor-
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Figure 10: Cohort effects in the variance of Income per capita Household
Figure 11:Year effects in the variance of Income per capita Household
malization assumptions.
From the cohort analysis, we had several important findings.
First, the overall trend of consumption inequalities over all ages is different from that of
isolated age effects. For the overall age profile, it seems to be inconsistent with that of the LC-
PIH since consumption inequality tends to decrease after age about 60. However, through iso-
lating age effects, the result strongly supports the general implication of the LC-PIH, as it
shows a linearly increasing trend.
Second, age effects in South Korea show a stark contrast with those of Taiwan, the US
and the UK. The age profile of inequality for the US is close to linear, although the rate of
increase of dispersion decrease slightly after age 60. In Taiwan and the UK, the profile is con-
vex; however, there was a strong linear relation after age 35.
Third, age effects between consumption and income inequalities show several interesting
properties. Age effects on income tended to decrease until age 35 and then increase, while
those of income tended to consistently increase.
Finally, cohort effects for consumption differ from those for income, as they displayed
reversing trends.
References
Borsch-Supan, Axel, 1994, “Aging in Germany and the United States,” in Studies in the Economics of
Aging, ed. David A. Wise, Chicago: National Bureau Economic Research. 
Cochrane, J., 1991, “A Simple Test of Consumption Insurance,” Journal of Political Economy, 99, 957-976.
Deaton, Angus, 1997, The Analysis of Household Surveys: A Microeconometric Approach to
Development Policy, The Johns Hopkins University Press.
Deaton, Angus and Christina Paxson, 1994, “Intertemporal Choice and Inequality,” Journal of Political
Economy, 102(3), 437-467.
Ogaki, Masao and Qiang Zhang, 2001, “Decreasing Relative Risk Aversion and Tests of Risk Sharing,”
Econometrica, 69(2), 515-526.
Townsend, Robert M., 1994, “Risk and Insurance in Village India,” Econometrica, 62, 539-591.
Zhang, Qiang and Ogaki, Masao and, 2004, “Decreasing Relative Risk Aversion, Risk Sharing, and the
Permanent Income Hypothesis,” Journal of Business & Economic Statistics, 22(4), 421-430.
Aging and Inequality of Income and Consumption in Korea
72
